In this issue of the Journal, Koh et al 1 report a single-center study in which they attempt to relate the findings on myocardial perfusion images (MPI) performed for preoperative evaluation prior to non-cardiac surgery to subsequent cardiac events. In an earlier study, 2 the authors had reported that the most common source of inappropriate referrals to MPI in their institution was pre-operative risk stratification. However, they also found that 40% of these inappropriate studies were abnormal. They, therefore, designed this study to examine the relationship between MPI appropriateness, MPI findings, and subsequent clinical outcomes. Their novel and provocative hypothesis was that MPI findings would predict outcome in appropriate studies, but not in inappropriate studies.
Koh et al are to be commended for this novel study and their hypothesis. Their emphasis on clinical outcomes as the primary outcome in this study is laudatory. In the current era of quality improvement and performance measurement, clinical outcomes are increasingly predominant. Performance measures that focus on ''process'' or ''surrogates'' are being de-emphasized. Likewise, in the ongoing discussion related to healthcare reform, a focus on value in healthcare now dominates. Value is often defined in terms of patient outcomes, satisfaction, and safety, adjusted for cost over a span of care. 3 Unfortunately, studies which focus on clinical outcomes require considerable larger sample sizes than clinical research which utilizes other endpoints. The power of any study to detect differences in outcome, or to define important determinants of outcome, is primarily determined not by the sample size, but rather by the number of events. Thus, the sample size required in a population with a low incidence of subsequent events, such as patients with mild symptoms and stable coronary artery disease, is considerably larger than the sample size required in a population with a high event rate, such as patients with advanced heart failure. Outcome studies are therefore considerably more difficult to perform, particularly on a single-center-basis, and generally require both larger sample sizes and longer follow-up than most investigators recognize.
Koh et al chose to focus on major cardiac and cerebrovascular events (MACCE) during 90 days of follow-up. Given the short follow-up, and generally low rate of cardiac or cerebrovascular events at the time of non-cardiac surgery in current practice, their study hypothesis demanded a very large sample size.
Unfortunately, the group studied by Koh et al was only 176 patients, and not all of these underwent noncardiac surgery. Although they do not provide the actual number of patients who proceeded to non-cardiac surgery, it can be estimated from Figure 2 as between 100 and 110. Not surprisingly, there were no events in the remaining patients who did not undergo non-cardiac surgery. The overall number of events reported by Koh et al was only 11-7 non-fatal myocardial infarctions, 3 deaths, and 1 stroke.
Given this small number of events, and the general rule of thumb that one should identify a single significant independent variable for each 10 events, this study was seriously under-powered to test the hypothesis. A major determinant of the risk of cardiac events at the time of non-cardiac surgery is the type of surgery. 4 Koh et al do not provide us with a rigorous multi-variable analysis of the determinants of MACCE or the number of patients in each surgical risk group. However, their overall results would seem to confirm the importance of the risk of surgery, as the 90-day MACCE event rates for high-risk surgery (64%) far exceed the event rates which they report for intermediate-risk surgery patients with poor functional class (13%), intermediate-risk surgery patients with good functional class (4%), or lowrisk surgery patients (0%). Given their small number of events, it would be unlikely that any other factor, such as normal/abnormal scan, or appropriateness, would be independently significant after consideration of surgical risk. In fact, identification of a second important variable with only 10 events would likely be spurious.
The data in outcome studies are often presented in terms of event rates. However, it must be recognized that the estimates of event rates will be subject to broad 95% confidence limits when the sample size is small and there are few events. Thus, the inclusion of 95% confidence intervals (CIs) for event rates is critical for interpretation. To their credit, Koh et al attempted to provide these confidence limits in Table 2 5 provides estimates of the 95% CIs which are consistent with the CIs based on proportions that are shown in standard statistical texts. 6 Shown in Table 1 is a comparison of the event rate and the 95% CIs according to the summed stress score (SSS), as reported by Koh and estimated from SAS. The width of the CIs determined by the SAS package is broader than those reported by Koh et al. For example, for the 111 patients with a SSS of 0, there were 3 events, for reported event rate of 2.7%. Koh et al report a 95% CI of 1.6 to 5.3. In contrast, the estimate provided in the SAS system for the 95% CI is 0 to 5.7. For the 16 patients with a low-risk SSS, there were 2 events, for an event rate of 12.5%. Koh et al report a 95% CI of 8.6 to 19.5. In contrast, the estimate provided by the SAS package for this CI is 0% to 28.7%. From the SAS CIs, it can be readily appreciated that there is broad overlap between the CIs for different SSSs.
Although this finding appears to contradict other larger studies in the literature, it is not a surprising result for the small sample size and the small number of events.
The data reported in Figure 4 have similar limitations. There were 34 low-risk surgical patients (with no MACCE) and 36 intermediate-risk surgical patients with good functional class (with one MACCE). We do not know how many of these patients actually proceeded to surgery. If all 34 low-risk surgical patients had proceeded to surgery, the upper 95% exact confidence limit for the 0% event rate would be 10.3%. (The upper CI would be even larger if fewer patients went to surgery.) There appears to be an error in the reported event rate for the 36 intermediate-risk surgical patients with good functional class. Given the single event in that group, if all 36 patients went to surgery, the event rate should be 2.7% with 95% confidence limits of 0 to 8.2. If fewer patients went to surgery, the event rate, as well as the upper confidence limit, would be even higher.
As properly reported by Koh et al, their study has other limitations. They could not control the clinical decision to proceed with surgery, or the measurement of biomarkers and ECGs following surgery. This may certainly have led to ascertainment bias, if patients with abnormal scans or high-risk surgery were more likely to be tested post-operatively than patients with low-risk scans or surgery. They also could not control the management of patients during or after surgery. We do know how many of these patients received beta blocker therapy during the peri-operative period.
Given these limitations, and the wide confidence limits on the reported event rates, what can the evidence-based reader conclude from this study? First, outcome studies in relatively low-risk cohorts such as this one are very difficult. They require very large sample sizes to have sufficient cardiac events (and therefore statistical power) to answer important clinical questions. Second, the data presented here appear to support the long-standing observation that the inherent risk of surgery is a major determinant of cardiac events at the time of non-cardiac surgery. Finally, although the authors' hypothesis is meritorious, and certainly deserves further study in much larger groups, the data presented here do not provide a definitive answer to this important question. The low event rate that they report in patients with inappropriate tests may reflect a lack of statistical power rather than a truly low event rate.
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